This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



THIS PAGE BLANK IMPTO) 



PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
international Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
HOIS 3/00 



Al 



(11) Internationa! Publication Number: WO 96/25778 

(43) International Publication Date: 22 August 1996 (22.08.96) 



(21) International Application Number: PCT/US96/01033 

(22) International Filing Date: 26 January 1996 (26.01.96) 



(30) Priority Data: 

08/390,709 



17 February 1995 (17.02.95) US 



(71) Applicants: CYMER LASER TECHNOLOGIES [US/US]; 

16275 Technology Drive, San Diego, CA 92127-1815 (US). 
ADVANCED PULSE POWER TECHNOLOGIES. INC. 
[US/US]; 3300 Crismorc Lane, Oakley, CA 94561 (US). 

(72) Inventors: BIRX, Daniel, L.; 3300 Crismorc Lane, Route-2 

175-D, Oakley. CA 94561 (US). DAS, Palash. P.; 2029 
Paseo de Anza, Vista, CA 92084 (US). FOMENKOV. 
Igor, V.; 7831 Camino Glorita, San Diego, CA 92122 (US). 
PARTLO, William, N.; Apartment 106, 12055 Alia Carmel 
Court, San Diego, CA 92128 (US). WATSON. Tom, A.; 
4427 Salisbury Drive, Carlsbad, CA 92008 (US). 

(74) Agents: BLAKELY, Roger, W., Jr. et al.; Blakely, Sokoloff, 
Taylor & Zafrnan, 7th floor, 12400 Wilshire Boulevard, Los 
Angeles, CA 90025-1026 (US). 



(81) Designated States: AL. AM, AT, AT (Utility model), AU, AZ, 
BB, BG, BR, BY, CA, CH, CN, CZ. CZ (Utility model), 
DE, DE (Utility model), DK, DK (Utility model), EE, EE 
(Utility model). ES, FI, FI (Utility model), GB. GE, HU, IS. 
JP, KE, KG, KP, ICR, KZ. LK. LR. LS, LT. LU. LV. MD, 
MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO. RU. SD, 
SE, SG, SI, SK, SK (Utility model), TJ, TM, TR. TT, UA. 
UG. UZ, VN. ARIPO patent (KE. LS. MW. SD, SZ, UG), 
Eurasian patent (AZ, BY, KG. KZ. RU. TJ. TM). European 
patent (AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG. CI, CM, 
GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 
With amended claims. 



(54) Title: PULSE POWER GENERATING CIRCUIT WITH ENERGY RECOVERY 



IBIAS+ 




(57) Abstract 

A high voltage pulse power generating circuit (10) capable of providing energy recovery is disclosed. The energy efficient pulse 
generating circuit source comprises a high voltage charge storing element (C) which is periodically discharged into a compressor circuit (16). 
An energy recovery circuit coupled to the compressor circuit reverses the polarity of the energy dissipated by the pulse power generating 
circuit (10) and transfers the waste energy back to the power source (12). In a preferred embodiment, the pulse power generating circuit 
(10) of the present invention utilizes an SCR switch for periodically discharging the charge storing element (C). This embodiment of the 
present invention provides pulses consistently and will not provide even a single missed pulse. 
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PULSE POWER GENERATING CIRCUIT WITH 
ENERCY RECOVERY 



BACKGROUND OF THE INVENTION 

1. Fi*1d of the Invention 

The present invention relates generally to pulse power sources 
and more particularly, to an apparatus and method for providing high 
voltage pulse power and energy recovery for use in excimer and other 
pulsed lasers. 

2. Description of the Prior Art 

In applications where pulsed lasers are operated for extended 
periods of time, there is a need for energy efficiency, long term 
reliability and high component lifetimes. In these applications, 
magnetic compression circuits in conjunction with solid state switches 
have recently been utilized to^supply pulse power because of the 
reliability and useful life of the magnetic compression circuits and 
solid state switches. 

Such magnetic compression circuits generally utilize a multi- 
stage LC network to provide the power compression. Various 
techniques exist for increasing the power output of such devices, 
including the use of complicated pulse generating networks such as 
that described in U.S. Patent No. 5,138,622 to Friede et al. and the use of 
multi-stage magnetic modulators to achieve a high packing factor. 
These techniques, however, are complex and expensive to implement 
and their use provide long term unreliability. Specifically, they are 
energy inefficient and promote short laser component life-times. For 
example, after the laser discharges, energy left in the circuits is 
dissipated in the laser, resulting in reduced electrode life. 
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n addition, the cost of conventional thyratron-based pulse 

cathode and anode erosion. The most serious effect of cathode erosL 
■s a decrease mftyratron switching efficiency. With age high 
operating voltages are required to drive the thyratron. which further 
stresses the thyratron. until eventual replacement is necessary. 

nuhe n FUr,he ™° re ' an0de er<Bi °" in conventional thyratron-based 
pulse powerlasers severely reduces the thyratron's high voltage hold- 
of abihty. This causes the thyratron to exhibit occasional pretog 
which resets m a premature and weak laser pulse. In app'cationt 
where h.gh precision is required, such as the manufacture of silicon 
wafers, prehring can result in the complete rejection and disposal of 
the silicon wafers, which is an expensive undertaking. 

Accordingly, there is a need in the technology to provide an 
apparatus and method of increasing the energy effSency of magnetic 
compression circuits which is easy , 0 implement , £*< 
exh.b„ prefire behavior and which also minimizes electrode erosion. 

BRIEF SUMMARY QFTHij | Nmrrmr , 

* 

A high voltage pulse power generating circuit capable of 
proving energy recovery is disclosed. The energy efficient pulse 
power generatag circuit comprises a high voltage charge storing 
element which is periodically discharged into a compressor circuit An 
energy recovery circuit coupled ,„ the compressor circuit reverses the 
polanty of energy recovered from the laser by the pulse power 
generating circuit and transfers the what would have been waste 
energy back to the power source. In a preferred embodiment, the pulse 
power generatmg circuit of the present invention utili 2 es an SCR 
switch for periodically discharging the charge storing element. This 
embodiment o, the present invention provides pulses consistently and 
will not provide even a single missed pulse. 
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BRIEF DESCRIPTION OF T HE DRAWINGS 

Figure 1 is a schematic diagram of a preferred embodiment of 
the pulse power generating circuit of the present invention. 

Figure 2 is a schematic diagram of an alternate embodiment of 
the pulse power generating circuit of the present invention. 

Figure 3 is a graphical representation of the relationship between 
the flux density and field strength in a typical saturable core inductor. 

Figures 4A - 4E are timing diagrams illustrating the energy 
transfer and recovery cycles in the pulse power generating circuit of the 
present invention. 

Figure 5 is a perspective view of a laser system utilizing the 
pulse power generating circuit of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a pulse power generating circuit 
which is capable of recovering energy that otherwise would be wasted 
in a system through a transfer of the dissipated energy back into the 
power source of the system. 

Figure 1 is a schematic diagram of a preferred embodiment of 
the pulse power generating circuit 10 of the present invention. The 
pulse power generating circuit 10 comprises a high voltage DC power 
supply 12, an energy storage capacitor Co, an inverting circuit 14, a solid 
state switch S and a pulse compressor circuit 16 for compressing the 
duration and increasing the voltage of pulses applied. The pulse 
power source is coupled to a load 18, typically a pulse discharge load 
such as an excimer laser. 

Figure 2 is a schematic diagram of an alternate embodiment of 
the pulse power generating circuit 10 illustrated in Figure 1. In this 
alternate embodiment, a step up transformer 20 is coupled to the 
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output of the compression circuit 16. Alternatively the transformer 20 
may mstead be coupled to the power generating circuit at one of 
several nodes (for example, nodes 1, 2, ...n) in the pulse compressor 

cZ d ' "r^ 8 " ^ ^ Uirem ^- A transformer 20 
coupled to the arcuit 10 at a node closer to the power supply 12 will 

o 6 uui lower current than the embodiment of Fianrp ■> ^ 

of course wil, effect ft. design o< such components C^ZZ " 
d.«eren, rmpedance and other operating co,,^ m 
subjected ,o. Convey, a transform 20 coupled Jhe" ^ t 10 a, 
a node closer to the ,oad 18 wil, allow use .f J^^T' " 
current components S upp, ying ^ ^ £ h & 

transfer itself can Mmewhat 
Placemen,, as stepping fte voltage up „, me J 
the Anal pulse compressor reduces the required peak cunen, 
capabilities of the transformer. 

In a preferred embodiment, the power supply 12 is a 0-1 K vol, 

p*f P »Z7^ pukc p ~- supp * - «4 

per pulse of 2 Joules in a pulse width of 100 nanoseconds a, 

bank 7 ,w M "'"^ CapaC "° r ' ,h0u S h """""y comprising a 
bank of parallel connected capacitors. For instance, to obLn a U 

microfarad capacitance for capacitor C„. 160 0.1 microfarad, ,000 vol, 
capacitors may be connected in parallel. 

The switch S may be a silicon controlled rectifier (SCR) an 
insulated-gate bipolar transistor flnm 7 , T 1 
( • i j « "ansistor (IGBT), a metal-oxide semiconductor 

feld-effec, transistor (MOSFET), a MOSFET controlled thyriZ 
or any other suitable switching element as known in theLhX"' 
The pulse power generating circuit 10 preferably comprises a diode^ 
connected in series with the switch S. n. inclusion of D s in he 
crcu,, 10 ensures tha. the circuit ,0 is nonconductive with respect to 

air cu T- r wi " be described in de,a " * ~*» •> 

another preferred embodiment, the pulse power source 10 further 
comprises an inductor U> selected in conjunct with c.J^ . 
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time constant for the LC combination to slightly slow the buildup of 
current flow through the switch S so that the switch may become 
completely closed prior to high current flow through the switch. This 
substantially reduces power dissipation in the switch, conserving 
energy and reducing the heating in the switch and peak current 
conduction requirement of the switch to reasonably manageable levels. 
However, it provides a current pulse through the switch which is too 
low in current and too long in duration to itself provide the intended 
output for the pulse power source without pulse compressor, provided 
by the rest of the circuit. 

In a preferred embodiment, the switch S is a solid state switch 
such as an SCR switch. The use of an SCR switch in the pulse power 
generating circuit 10 of the present invention in a laser offers a distinct 
advantage. Specifically, it was found that laser systems utilizing the 
pulse power generating circuit 10 with an SCR switch generate pulses 
consistently. In fact, the pulse power generating circuit 10 utilizing an 
SCR switch does not provide even a single missed pulse throughout 
the life of the laser. This is because SCR switches do not suffer from 
gradual degradation nor exhibit prefire behavior, as will be discussed in 
greater detail in the following sections. 

The pulse power source 10 also includes bias inductors Lbi and 
Lb2/ each of which is connected at one end to a current source, Ibias- 
and Ibias+ respectively, and at the other end, to compressor circuit 16. 
As shown in Figure 1, a negative current relative to the desired output 
pulse is used to bias the compressor circuit 16, as will be discussed in 
greater detail below. The bias current is supplied through inductors of 
relatively high inductance to provide relatively high time constants in 
the bias circuit relative to the pulse rate of the pulse power source to 
isolate the bias current source from the pulse power source itself. 
Energy recovery is facilitated in part by inverting circuit 14 which 
comprises inductor Ler and energy recovery diode Der. 

The compressor circuit 16 comprises banks of capacitors Ci, C2, 
...C n -i and C n and one or more saturable core inductors Li, L2,..., L n -i 
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cornered „ a ladder network. As shown in Figure 1, a firs, saturable 
core tnductor L, is connected between C, and C 2 , a second saturable 
core mductor L 2 may be connected in series between Q and C 3 ,.... and a 
saturabie core inductor j. connected in serfes ^ ^ 

The circuit of Figure 2 is identical to that of Figure 1 with the 
exception of the addition of the step up transformer 20 shown between 
the output of the pulse power source and the toad 18 , for the preferred 
«nbod.me„, an excimer laser, though the step up fransfornj may be 
mserted m crcu.t a, C, or any of the capacitors between Cl and Q The 
presence and location of the transformer does not effect the toe ion of 
the omer components of the pulse power suppiy, though being an 
■mpedance transforming device (transforming voltages and currents) 
the va.ues. current capacities and voltage capabilities of the 
components from and induding the power supply .2 to the primary of 
-he transformer wiU differ substantiaUy from the corresponding 
component of Figure 1, even though the same wi.1 normaHy be 
chosen to have substantially the same time constants as the 
embodiment of Figure 1. 

discus^ r eth0d ,° f ° Perati ° n ° f ^ PreSCnt inVention wi » now be 

th TV ,S ^ raPhiCal re P— of the relationship 
between the flux dens lt y B and magnetizing force per unit length W 

characteristic 0 f the major hysteresis loop of a saturable core inductor 
where N in the number of inductor coil turns on the core, 1 is the ' 
length of the core and i is the current in the inductor. 

In addition, the total flux <D in the «:»*,. r a hi~ • • 
equation: saturable core is given by the 



where B is the flux density and A is the cross-sectional area of the core. 

As also known in the technology, the relationships between the 
electrons force (emf) induced in a coi, having N tuL, the rate of 
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change of flux in the core about which the coil is wound and the rate of 
change in current in the coil are: 

XT d<P T di n . 
e = N— =L— (2) 
dt dt 

where L is the inductance of the inductor. 
Substituting equations (1) into equation (2), we have 

N *>. N *jm (3 ) 

dt dt 

Thus, 

r di xtl dB /A , 
L — = NA — (4) 
dt dt 

L = NA^ (5) 
di 

Thus, the inductance L of a coil is directly proportional to the 
rate of change of B with respect to i. 

dB 

Thus, with reference to Figure 3, the value of — and thus the 

dt 

inductance when the inductor is operating along the line a-b, the line 

c-d and anywhere along the line c-e of the curve is small, since the 

dB 

gradient of the curve is slight. However, the value of — is large along 

line b-c and line d-a where the gradient of the curve is steep. Thus, 
starting at point a (set by the negative bias current Ibias - see Figures 1 
and 2), L is relatively small along line a-b. However, once enough 
current passes through the inductor coil in the positive direction to 
start to substantially change the magnetization of the core, the 
inductance L of the inductor suddenly greatly increases, as shown by 

JTJ 

the change of — at point b. The inductance remains large until point 
di 

c is reached, at which time the inductance returns to a low value, 
allowing the current through the inductor to rapidly rise to point e and 
beyond, and to later return to point d, all in accordance with the 
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!6 to ensure tha, the saturation indull L, £ I T 

.ha. the current passing „, induct, .,1 — 

conduced in one direction for energy recovery TJZ' !* 
time constant for each LC sta« rrf Z ^" res a lar « e 

sufficient time is provid^ fTfu ^ZTZ^ " " ^ 

of a transfer cycle, the inductors L, L, I u J md 

•heir corresponding inductance ^ * ( ™"» 
so tha, proper biasing of the inductors l7 lT L T ' " * 
accompiished during ft. „e Xt puls °," ^ie ,h 
inductance of the inductors L,. l^J^^L 

current supplied by the D. C. power upT T Wh ^7 * 

•he voltage across capacitor C^is »cX,^ h 

F-gure 4B, by acfon of the LC circuit comprising La. c, and C, witnT 

time constant of approximately f -^C, )^ r u 

1 Co+q j ' Ll be coming nearly fully 
charged and the current in inductor I n roA 

? aini p^ at time , Z^2^:2^Z 
purpose^ provlde . sufflden , ly , arge tjme e c c t0 

ransfer to ensure that S is fully switched b e fore high £££ 
"countered, and to limit the maximum current through Th switch 
for a g,ven energy transfer to a value managed by a L ££L 
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by extending the time of the transfer. As capacitor Co starts to discharge 
through switch S and capacitor Q begins to charge during this transfer, 
the current in the coil of saturable inductor Li rapidly changes from the 
negative bias current of point a to the low positive current of point b of 
Figure 3, at which point the inductance jumps to a relative high value 
to limit the rate of further current increase through Li. 

At time ti, while the current in inductor Lo is low but still 
positive, the saturable core of inductor Li saturates, at which time the 
inductance of inductor Li jumps to a low value, allowing the current 
there through to rise to a very high value to transfer the energy from 
capacitor Q to capacitor C2 with a time constant approximately equal to 

(k££l\ , where L t is the inductance of the inductor Li with the 

core in saturation (line c-e in Figure 3). Note that this time constant 

may be substantially shorter than the time constant ( ) because 

L, t may be made much less than Lo. 

In the manner described above, energy is transferred through 
each stage of the compressor circuit 16, if more than one stage is used, 
compressing the pulse in time in one or more stages as desired, and if 
of low voltage originally, being stepped up in voltage where desired. 
When C n -i is substantially fully charged and the core of inductor L n -i 
saturates, the energy is coupled through the saturated inductor from 
C n -l to C n in a short time period pulse, with the voltage across C n being 
applied to the laser 18. 

At time tL, the voltage across C n builds to the level required to 
initiate discharge in the laser, and the laser 18 fires. Energy stored in C n 
and still being fed to C n through the inductor is delivered to the laser 
discharge in the compressed time period of the pulse power supply (see 
Figure 4E). After discharging, C n is driven negative. When this 
occurs, L n -i is already saturated for current flow from C n -i to C n - Thus, 
instead of having energy ringing in the laser 18, eroding the electrodes, 
the saturated state of L n -i causes the reverse charge on C n to be 
transferred resonantly back into C n -i as shown in Figure 4D. This 
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tr mpl,shed by * e cominued ,o ™* ^ - ««■»« 



When energy is transferred back into C , r • j ■ 

negative with respect to C , Thic ^ dnven 

© respect to L n . 2 . This process repeats back up the I r 

u • • . etc.) must be neeativp 
be accomp^. Thus , a „ *»^P-Paga.ion ,„ 

«. ore way current traMfer :rr ~ ;^:r s * K 

supply requirements of the D.C. power supply 8 

discharge. These lasers mclude sysiems which discharge at hi E h 

pressure, such as CQj lasers, copper vapor lasers mi( 

include KrP ,«™ ^T^Io^ 

; or tne present invention as a power source. A typical 
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example of such a laser includes the HPL-100 laser module 
manufactured and sold by Cymer Laser Technologies, assignee of the 
present invention. 

Several advantages exist through the application of the pulse 
power generating circuit of the present invention. First, by using the 
pulse power generating circuit, the energy efficiency of a laser system is 
increased while electrode erosion from after discharge ringing is 
minimized, since the waste energy which would otherwise be left 
ringing in the laser 18 is effectively removed from the laser 18. The 
energy reflected by the laser chamber due to impedance mismatch no 
longer rings back and forth between the pulse power generating circuit 
and the laser chamber since this energy is recovered by the pulse power 
generating circuit of the present invention. As described, the pulse 
power generating circuit is designed to transmit this reflected energy all 
the way back through the pulse forming network into Co- Upon 
recovery of this energy onto Co, the switch turns off, ensuring that this 
captured energy remains in Co- Thus, regardless of the operating 
voltage, gas mixture or chamber condition, the voltage waveform 
across the laser electrodes exhibits the behavior of a well-trained 
system. This performance is maintained over all laser operating 
conditions. 

As discussed, after-ringing has been found to have a detrimental 
impact on the laser chamber's electrode lifetime. After the main laser 
discharge, current flow between the chamber electrodes becomes 
nonuniform and breaks up into localized areas of high current density 
called streamers. Elimination of this after-ringing by the solid state 
pulse power generating circuit starves the streamers of energy and 
reduces the amount of electrode damage caused by these streamers. 

Secondly, by incorporating an SCR switch in a preferred 
embodiment of the pulse power generating circuit of the present 
invention, prefiring in the laser system can be eliminated while 
predictability and reliability of the laser system can be increased. This is 
because SCR switches, unlike conventional thyratron switches, neither 
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suffer from gradual degradatjon nQr 

•yptca operating conditions wi, houl . single mjssed pu ^ a , ^ 

experi.en.aHy tha, the pulse ^ ^ ££2 
invention exhibits the same efficiency at 6 bmt T P 
million pulses. ^ Ull0n pulses as " did at 3"° 



* er °y 1UU /o > from 3 billion pulses to 6 billion Dulses 
without any degradation in performance. P 

instead of a thyratron-based pu l se power svstem xT 

reduction in cost is a ten falrf i most significant 
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in the art are also within the scope of this invention. Accordingly, the 
scope of the invention is intended to be defined only by the claims 
which follow. 
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CLAIMS: 

What is claimed is: 

1- A pulse power generating circuit comprising- 
a capacitor for storing a charge; 
a magnetic pulse compressor circuit- 
can, >' SWUCh Peri ° dical, y flying the charge stored in said 

-pressor circuit ako r _ y providjng a reveree ~ 

an inverting circuit coupled in parallel with said capacitor 
fo inverhng said reverse charge to obtain an inverted cha rge 

*° Pr0VidinS MW " - 

2- The circuit of Claim 1, wherein said magnetic pulse 
compressor circuit comprises a, least one stage, sa.d af lea* outage 
compmmg a capacitor and a saturable inductor. 8 

3. The circuit of Claim 1, further comprising a linear 
■nducto, said linear inductor being coupled in se'ries wim Z switch. 

4. The circuit of Claim 1, further comprising a second 
capactor coupled to said capacitor for storing a charge 



5. 



The circuit of Claim l, wherein said inverting 



comprises an inductor and a diode connected in series. 



circuit 



6. The circuit of Claim 1, farther comprising a power source 
sa,d power source providing said charge to said capacL 
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7. The circuit of Claim 1, wherein said magnetic pulse 
compressor circuit is coupled to a load. 

8. The circuit of Claim 7, wherein said load is a laser. 

9. The circuit of Claim 8, wherein said laser is operable on a 
transverse discharge. 

10. The circuit of Claim 9, wherein said laser is an excimer 

laser. 

11. The circuit of Claim 8, further comprising a transformer, 
said transformer having a primary winding and a secondary winding, 
said primary winding being coupled to the output of said magnetic 
pulse compressor circuit and said secondary winding being coupled to 
said load. 

12. The circuit of Claim 1, wherein said magnetic pulse 
compressor circuit comprises a plurality of stages, each of said stages 
comprising a capacitor and a saturable inductor and an output capacitor 
coupled to the last stage of said plurality of stages. 

13. The circuit of Claim 12, further comprising a transformer, 
said transformer having a primary winding and a secondary winding, 
said primary winding being coupled to one of said stages and said 
secondary winding being coupled to a next stage. 

14. A method of generating pulse power, comprising the 
steps of: 

storing a charge in a capacitor; 

periodically applying the charge stored as an input to a 
magnetic pulse compressor circuit; 
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provtding an output pulse in response to the input said 
compressor circuit aiso resonant* providing a reverse charge 

cha„e r ri: r,ng reVme * -id LveS 

charge to obtam an inverted charge; and 

providing said inverted charge to said capacitor. 

capaci irr.^ir-' * - — - 



used inlaid 2^1" ^ ^ " '"^ * 
inductor and aZTc^ ^ ^ » 



20. The method of Claim 14 fi.r»h» 

compressor circuit ' C ° MpW l ° ™Sne.ic puise 

22- The method of Claim 2., wherein said load is a laser. 
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23. The method of Claim 22, further comprising the step of 
providing said output pulse to a transformer, said transformer having 
a primary winding and a secondary winding, said primary winding 
being coupled to the output of said magnetic pulse compressor circuit 
and said secondary winding being coupled to said load. 

24. The method of Claim 14, wherein said magnetic pulse 
compressor circuit comprises a plurality of stages, each of said stages 
comprising a capacitor and a saturable inductor and an output capacitor 
in parallel with the last stage of said plurality of stages. 

25. The method of Claim 24, further comprising a 
transformer, said transformer having a primary winding and a 
secondary winding, said primary winding being coupled to one of said 
stages and said secondary winding being coupled to a next stage. 

26. A high-voltage pulse power laser system, comprising: 
a power source for supplying a charge; 

a capacitor for storing said charge; 

a magnetic pulse compressor circuit; 

a solid state switch for periodically applying the charge 
stored in said capacitor as an input to said compressor circuit, the 
compressor circuit providing an output pulse in response to the 
input, said compressor circuit also resonantly providing a 
reverse charge; 

a laser coupled to said magnetic pulse compressor circuit, 
said laser receiving said output pulse; and 

an inverting circuit coupled in parallel with said capacitor 
for inverting said reverse charge to obtain an inverted charge, 
said inverting circuit also providing said inverted charge to said 
capacitor. 

27. The system of Claim 26, further comprising a pair of 
current bias terminals coupled to said magnetic pulse compressor 
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comprising . capacitor and a sa.urat.Je inductor °" 

29. The system of Claim 26 kir*u~ 
inductor, said linear inductor beL c^" ""T^ * Hnear 

«ng coupled m series with said switch. 

30. The system of Claim 26 fi.rfh-, 
capacitor coupied tosaid capacitor I ^ ' ^ 

a .ransttse d^C " ^ * ^ '~ " ™ - 

said ^2:^:'^z 2 t T r ■ tra " sfo ™- 

coupled to 
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36. The system of Claim 35, further comprising a transformer, 
said transformer having a primary winding and a secondary winding, 
said primary winding being coupled to one of said stages and said 
secondary winding being coupled to a next stage. 

37. A high voltage pulse power laser system comprising: 
a power source; 

a pulse compressor circuit having a solid state switch 
coupled to said power source; and 

a laser coupled to the output of said pulse compressor 
circuit; 

said pulse compressor circuit providing compressed 
power to said laser in response to power input from said power 
source through the solid state switch, said compressor circuit 
also recovering energy not used in said laser and returning the 
recovered energy to said power source. 

38. The system of Claim 37, wherein said pulse compressor 
circuit comprises at least one stage, said at least one stage comprising a 
capacitor and a saturable inductor. 

39. The system of Claim 37 wherein said pulse compressor 
circuit further comprises a linear inductor coupled in series with said 
switch. 

40. The system of Claim 37, further comprising a capacitor 
coupled to said power source for storing energy. 

41. The system of Claim 37, wherein said pulse compressor 20 
circuit further comprises an inverting circuit, said inverting circuit 
comprising an inductor and a diode connected in series. 
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a transle °' C,ata 37 ' ^ - <- is operab.e on 

43. The system of Cairn i2 , whcrein Mid , aMr js ^ wjmer 

44. The system of Claim 37 fnrfk^ 

said transforms having a orirZ, w' ^ °™P"^ « transformer. 

compressor «*«*, and Mid , nding * eing Mid 

capacitor and a saturable inductor 865 rom P rista 8 « 

.ast stage o f said p«"^ " ° U,PUt « «*" - 

said tratforrl!: ^a° P S::; 45 ' ^ " 
said primary windin g 7e ing Tu P 7^ Ion" 18 T , T 
secondary wi „ ding ^ £££ .*T ^ ^ ^ 

comprilmg the ™* ^ - ■ — ^ster, 

providing an output pulse to said laser svstem in 



reverse charge; —»«uiuy providing a 

char. T°T" S ^ ^ "y "««tin g said reverse 

charge to obtam an inverted charge; and 

providing said inverted charge in a next output pulse. 
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48. The method of Claim 47, wherein in said periodically 
applying step, said pulse compressor circuit comprises at least one 
stage, said at least one stage comprising a capacitor and a saturable 
inductor. 

49. The method of Claim 47, wherein said periodically 
applying step is applied by means of a solid state switch. 

50. The method of Claim 49, further comprising a linear 
inductor, said linear inductor being coupled to said switch. 

51. The method of Claim 47, further comprising the step of 
storing said charge in a capacitor prior to said periodically applying 
step. 

52. The method of Claim 47, wherein an inverting circuit is 
used in said recovery step, said inverting circuit comprising an 
inductor and a diode connected in series. 

53. The method of Claim 47, further comprising the step of 
providing a power source for providing said charge. 

54. The method of Claim 47, further comprising the step of 
providing said output pulse to a transformer, said transformer having 
a primary winding and a secondary winding, said primary winding 
being coupled to the output of said pulse compressor circuit and said 
secondary winding being coupled to said load. 

55. The method of Claim 47, wherein said pulse compressor 
circuit comprises a plurality of stages, each of said stages comprising a 
capacitor and a saturable inductor and an output capacitor in parallel 
with the last stage of said plurality of stages. 
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tran,f *' ^ me ' h ° d ^ K ' farther com P™"8 a 
transformer, satd transformer having a primary winding and , 

« : in d ding - r " ^ ^ -*« " « of sa id 

stages and sa,d secondary winding being coupied ,o a next stage. 

57. A high voltage pulse power laser system comprising 

a power source; 

counl J f U,Se ; 0mpreSSOr drcuit ha ™g a solid state switch 
coupled to said power source; and 

a pulse discharge laser coupled to the output of said pulse 
compressor circuit; p 

said pulse compressor circuit consistently providing 
compressed power to said laser without missed pulses in 
response to power input from said power source through the 
solid state switch. e 

58. The system of Claim 57, wherein said compressor circuit 
also recovers energy not used in said «aser and returns tL elTd 
energy to said power source. recovered 

discharge .ase^ ^ " °*" *' ^ >~ " • <™e 



60. 



laser. 



The system of Claim 57, wherein said laser is an excimer 



62. The system of Claim 57, wherein said pulse compression 
^comprises at least one stage, said at .east one stage comp" 
capacitor and a saturable inductor. uprising a 
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63. The system of Claim 57, wherein said pulse compression 
circuit comprises a plurality of stages, each of said stages comprising a 
capacitor and a saturable inductor and an output capacitor coupled to 
the last stage of said plurality of stages. 

64. The system of Claim 57, further comprising a transformer, 
said transformer having a primary winding and a secondary winding, 
said primary winding being coupled to one of said stages and said 
secondary winding being coupled to a next stage. 
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Creceived by the lnw„ a * •*" E '! DE0 CLAIMS 

1- A pulse power generating circuit comprising- 
a capactor for storing a charge; 
a magnetic pulse compressor circuit- 
end to ^^zr to ** n - d — « 

applying the ch^sto^ i *" 
compressor circuit the com" ? ^ " *" t0 Said 



induce, said linear inductor he^ ' 



3. Tne circuit of Claim 1, further 

in series with said switch. 

comprL an?„::::r of cia,m where - ^ 
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6. The circuit of Claim 1, further comprising a power source, 
said power source providing said charge to said capacitor. 

7. The circuit of Claim 1, wherein said magnetic pulse 
compressor circuit is coupled to a load. 

8. The circuit of Claim 7, wherein said load is a laser. 

9. The circuit of Claim 8, wherein said laser is operable on a 
transverse discharge. 

10. The circuit of Claim 9, wherein said laser is an excimer 

laser. 

11. The circuit of Claim 8, further comprising a transformer, 
said transformer having a primary winding and a secondary winding, 
said primary winding being coupled to the output of said magnetic 
pulse compressor circuit and said secondary winding being coupled to 
said load. 

12. The circuit of Claim 1, wherein said magnetic pulse 
compressor circuit comprises a plurality of stages, each of said stages 
comprising a capacitor and a saturable inductor and an output capacitor 
coupled to the last stage of said plurality of stages. 

13. The circuit of Claim 12, further comprising a transformer, 
said transformer having a primary winding and a secondary winding, 
said primary winding being coupled to one of said stages and said 
secondary winding being coupled to a next stage. 

14. A method of generating pulse power, comprising the 
steps of: 

storing a charge in a capacitor; 
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coupled to said magnetic pulse 
compressor circuit- p 
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21. The method of Claim 14, further comprising the step of 
providing said output pulse to a load coupled to said magnetic pulse 
compressor circuit. 

22. The method of Claim 21, wherein said load is a laser. 

23. The method of Claim 22, further comprising the step of 
providing said output pulse to a transformer, said transformer having 
a primary winding and a secondary winding, said primary winding 
being coupled to the output of said magnetic pulse compressor circuit 
and said secondary winding being coupled to said load. 

24. The method of Claim 14, wherein said magnetic pulse 
compressor circuit comprises a plurality of stages, each of said stages 
comprising a capacitor and a saturable inductor and an output capacitor 
in parallel with the last stage of said plurality of stages. 

25. The method of Claim 24, further comprising a 
transformer, said transformer having a primary winding and a 
secondary winding, said primary winding being coupled to one of said 
stages and said secondary winding being coupled to a next stage. 

26. A high-voltage pulse power laser system, comprising: 
a power source for supplying a charge; 

a capacitor for storing said charge; 

a magnetic pulse compressor circuit; 

a solid state switch coupled at one end to said capacitor 
and at a second end to said magnetic pulse compression circuit, 
for periodically applying the charge stored in said capacitor as an 
input to said compressor circuit, the compressor circuit 
providing an output pulse in response to the input, said 
compressor circuit also resonantly providing a reverse charge 
that is reflected from a load coupled to said magnetic pulse 
compressor circuit; 
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3 kser cou P le d to said magnetic pulse compressor circuit 
sa,d laser receiving said output pulse; and P ^ 

for ^ mVe , rtinS drCUU C ° Upled in P arallel said capacitor 
for storing and averting said reverse charge to obtain an 

=ed charge, said inverting circuit also providi £ saTd 
mverted charge to said capacitor through said switch 

currents ~ * ' ^ " 

circuit, said pair of current bia S Z 7 T ? * 
to said compressor circuit * 3 

-pre! c^ ^ ^ ^ - — "* P^se 



29. The system of Claim 26, further 
inductor, said linear inductor being coupled 



comprising a linear 
in series with said switch. 



30. The system of Claim 26, further comprising a second 
capaator coupled to said capacitor for storing a charge. 

31. The system of Claim 26, wherein said inverting circuit 
compnses an inductor. ™ Clrcmt 



32. The system of Claim 26, further 
source, said power source providing said charged 



comprising a power 
capacitor. 
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said primary winding being coupled to the output of said magnetic 
pulse compressor circuit and said secondary winding being coupled to 
said laser. 

35. The system of Claim 26, wherein said magnetic pulse 
compressor circuit comprises a plurality of stages, each of said stages 
comprising a capacitor and a saturable inductor and an output capacitor 
coupled to the last stage of said plurality of stages. 

36. The system of Claim 35, further comprising a transformer, 
said transformer having a primary winding and a secondary winding, 
said primary winding being coupled to one of said stages and said 
secondary winding being coupled to a next stage. 

37. A high voltage pulse power laser system comprising: 
a power source; 

a pulse compressor circuit having a solid state switch 
coupled to said power source; and 

a laser coupled to the output of said pulse compressor 
circuit; 

said pulse compressor circuit providing compressed 
power to said laser in response to power input from said power 
source through the solid state switch, said compressor circuit 
also recovering energy not used in said laser by reversing the 
unused energy and returning the recovered energy to said power 
source. 

38. The system of Claim 37, wherein said pulse compressor 
circuit comprises at least one stage, said at least one stage comprising a 
capacitor and a saturable inductor. 

39. The system of Claim 37 wherein said pulse compressor 
circuit further comprises a linear inductor coupled in series with said 
switch. 
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comprising an inductor. g ircuit 



a <JL C ' aim ^ WhCrei " - — * ~ on 

43. -n, e s ystem „, a*, 42, wherein Mid Jasgf „ an excjmer 



47. A method of recovering energy in a laser system 
comprising the steps of: =>y=>rem, 

periodically app ly ing a charge a$ an 
compressor circuit; H 
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providing an output pulse to said laser system in response 
to the input, said compressor circuit also resonantly providing a 
reverse charge that is reflected by said laser system; 

recovering said reverse charge by inverting said reverse 
charge to obtain an inverted charge; and 

providing said inverted charge as part of the input to said 
compressor circuit in a next output pulse. 

48. The method of Claim 47, wherein in said periodically 
applying step, said pulse compressor circuit comprises at least one 
stage, said at least one stage comprising a capacitor and a saturable 
inductor. 

49. The method of Claim 47, wherein said periodically 
applying step is applied by means of a solid state switch. 

50. The method of Claim 49, further comprising a linear 
inductor, said linear inductor being coupled to said switch. 

51. The method of Clajm 47, further comprising the step of 
storing said charge in a capacitor prior to said periodically applying 
step. 

52. The method of Claim 47, wherein an inverting circuit is 
used in said recovery step, said inverting circuit comprising an 
inductor. 

53. The method of Claim 47, further comprising the step of 
providing a power source for providing said charge. 

54. The method of Claim 47, further comprising the step of 
providing said output pulse to a transformer, said transformer having 
a primary winding and a secondary winding, said primary winding 
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being coupled to the output of said pulse compressor circuit and said 
secondary winding being coupled to said load 

55. The method of Claim 47, wherein said pulse compressor 
orcuit comprises a plurality of stages, each of said stages coZC a 

wTtTiT; sa T ble and an ou ^ ~ *3 

with the last stage of said plurality of stages. 

56. The method of Claim 55, further comprising a 
transformer, said transformer having a primary winding and a 

Z Z TT 8 ' " ***** **« ^ to one of said 
stages and said secondary winding being coupled to a next stage. 

57. A high voltage pulse power laser system comprising- 

a power source; 

a capacitor for storing a charge; 

a pulse compressor circuit having a solid state switch 
coupled to said power source; and 

a pulse discharge laser coupled to the output of said pulse 
compressor circuit; P 

an inverting circuit coupled in parallel with said capacitor 
for stormg and inverting a reverse charge that is reflected £y said 
pulse discharge laser; ' 

said pulse compressor circuit consistently providing 
compressed power to said laser without missed pulses in 
response to power input from said power source through the 
solid state switch. 6 

58. The system of Claim 57, wherein said compressor circuit 
also recovers energy not used in said laser and returns the recovered 
energy to said power source. 

d.scha^ J!' SyS ' em °' CUim * Whe ' ei " — * ' »~ 
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60. The system of Claim 57, wherein said laser is an excimer 

laser. 

61. The system of Claim 60, wherein said laser is a KrF 
excimer laser. 

62. The system of Claim 57, wherein said pulse compression 
circuit comprises at least one stage, said at least one stage comprising a 
capacitor and a saturable inductor. 

63. The system of Claim 57, wherein said pulse compression 
circuit comprises a plurality of stages, each of said stages comprising a 
capacitor and a saturable inductor and an output capacitor coupled to 
the last stage of said plurality of stages. 

64. The system of Claim 57, further comprising a transformer, 
said transformer having a primary winding and a secondary winding, 
said primary winding being coupled to one of said stages and said 
secondary winding being coupled to a next stage. 
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